The paper presents the results of the long-term medical & ecological investigations conducted during the experiment Mars-500. Methodology of conducting the long-term medical & ecological investigations and the applied methods are considered. The results are presented in the materials of the research conducted in Russian Federation and Republic of Belarus (Moscow, Syktyvkar, Yekaterinburg, Izhevsk, Magadan and Minsk). For comparative evaluation of the functional state of different reference groups the notion of "ecological stress" was introduced. It depends upon the degree of dominance of the activity of the sympathetic member of the regulatory system over the parasympathetic member. Application of probabilistic approach to the assessment of the functional state and adaptation level with the FR (functional reserve) and the DT (the degree of tension) of the regulatory mechanisms proved the detected peculiarities of the heart rhythm vegetative regulation. Clear dependency of the functional state of the volunteers on geographic location of regions and climatic parameters is observed. Almost every HRV indicator is characterized by seasonal dynamics. Seasonal dynamics data is exemplified by the research conducted in Yekaterinburg and Syktyvkar.
Introduction
During the experiment "Mars-500" flight conditions to Mars and space crew life were simulated. Simultaneously satellite investigations of the reference groups of volunteers living and working in natural social and work environment were conducted. These investigations were important for scientific analysis of the health changes in the crew of Mars-500 experiment. The group of people spent almost two years being isolated and experiencing the influence of different factors (isolation, hypomobility, psychological and emotional tension, etc.). These factors produced significant influence on the human body, its adaptive abilities and regulatory mechanisms. Test experiments are to be conducted where similar groups of people would be under natural conditions influenced by different environmental factors, e.g., climatic and geographical, working, social and living conditions. Health criteria and pathology risks can be identified only when comparing the adaptive reactions of the groups of people being put under simulated and regulated environmental conditions, with the reactions of the similar groups under natural conditions. In this connection the project "Long-term medical and ecological investigations" supported by General Committee of the Russian Academy of Science was developed. As in case of the basic experiment conducted with the participation of the European Space Agency, parallel international investigations were conducted in Russia, in Europe (the Czech Republic and Germany) and in America (Canada and the USA). Thus, a set of adaptive reactions determined by climatic, ethnical, geographical, working and social differences was obtained. The conducted investigations can be called medical & biological as both the inner risk factors and environmental stress influence are considered. One of the main objectives of the present research work was the development and scientific rationale of the evaluation criteria of health and health risks with practically healthy people under different social and ecological conditions. Of great importance in the conducted investigations is examination of the novel methods of assessment and forecasting of health and adaptive abilities. These methods are developed in cosmic medicine with regard to problems of practical healthcare and applied physiology.
Investigations with groups of practically healthy people in different climatic and geographical regions provides information for future application of the results of MARS-500 experiment.
In the present paper the main attention is given to the results of medical & ecological investigations conducted in the cities of Russian Federation and Republic of Belarus (Moscow, Yekaterinburg, Syktyvkar, Izhevsk, Magadan and Minsk). were put in a sealed ground-based facility. The other (satellite) groups (6 -18 people in each group) were situated in 12 cities around the world (s. Table 1 ). The groups included mainly the intellectual workers (research laboratory staff, engineers, economists, teachers). Similarity of investigations in all regions was provided by application of the hardware and software complex Ecosan-2007 [1] . Only in Canada and the USA the "Heart Wizard" device (product of the American company "Biocom Technologies") was applied instead [2] . The device is used for analysis of HRV using the photoplethysmographic ear sensor with the application of Prenosological approach described in publications [5, 6, 7] was used when assessing the results.
Results and discussion Figure 1 shows distribution of the satellite groups from several regions of Russia and Republic of Belarus according to age and body mass index (BMI). We can observe minor but significant (p<0.001 according to F-ratio test) differences of age (from 28.9 in Minsk to 35.1 in Moscow) and body mass index (from 23.6 in Minsk to 26.4 in Moscow). When comparing the results of physiological and medical investigations these differences should be taken into account. The exception is the group from Izhevsk which is younger and has minor age differences (its participants are students).
Average group values of certain indicators of functional state evaluation in the groups are represented in Table 2 . It can be observed that in Minsk, Syktyvkar and Moscow heart rate variability tends to rise. The highest arterial pressure rate (systolic and diastolic) is observed in
Magadan and Moscow.
Figure 1. Age and body mass index (BMI) in the satellite groups during experiment MARS-500.
In Yekaterinburg the lowest heartbeat rate and arterial pressure values are observed. When comparing the data on functional state of cardiovascular system with age and body mass index it can be supposed that the observed differences in cardiovascular homeostasis are connected showed quite high stress-index, the parasympathetic regulation indicator was the highest. observed that the differences are determined mainly by the pNN50 value, i.e., by the degree of activity of parasympathetic member of regulatory system.
Application of probabilistic approach for evaluation of functional state and adaptability level according to FR and DT data proved the revealed peculiarities of vegetative regulation of heart rhythm and allowed to make a conclusion about the revealed differences. comparatively similar. This fact can be explained by the similar age range (this indicator is the highest among the groups) and body mass index (s. Fig.1 ). On the contrary, groups from Minsk and Izhevsk are the youngest. The average risk category value for the first group of people was M-0.5 SD, for the second group -up to M+0.5 SD, for the third group -up to M+1.0 SD, for the fourth group -higher than M+1.0 SD.
Estimation of the average risks of adaptation disorders in different regions proved that the most unfavourable distribution of people according to risk categories (s. Fig.3 parameters were within the physiological norm. Changes of heartbeat rate during the year were insignificant (within 67-74 BPM) and reached maximum values in winter months (December). They decreased in summer and autumn months (from June to November). It should be noted that in December increase of activity of sympathoadrenal member of regulatory system was noted (increase of stress index, increase of RSAI and decrease of pNN50). In spring (March) and autumn (September) activity of this member of regulatory system was less significant. We should note that RSAI as an integral indicator changed its values smoothly from the summer period to winter period and vice versa. Besides, there was sharp increase of RSAI in July 2010 which was probably caused by extremely hot weather for that period.
Investigation results in Yekaterinburg
Dynamics analysis of pNN50 appears to be of interest. It mainly reflects the state of the parasympathetic member of regulatory system and characterizes protective and restoring role of regulatory mechanism. As can be seen from the table, increase of pNN50 was noted in May, August and February. These are the months preceding the beginning of summer, autumn and winter seasons. There may exist two explanations of the mentioned phenomenon. We either observe the defense reaction of the body as a response to energy consumption necessary for changing the functions during the preceding season, or the body "foresees" its change to the new function level and prepares for the forthcoming loads. An increase in the heart rate during the autumn months and reduction during the winter months is observed.
Figure 5. Annual dynamics of the average group values of heartbeat rate, SI, pNN50 and HF.
In October and November increase in activity of the sympathetic member of regulatory system is observed. It is evident as increase in stress index (SI), decrease in RMSSD and relative power of high-frequency content of the spectrum (HF). In January and February the stress index decreases and RMSSD and HR increase. 
Conclusion
The results of the long-term medical and ecological investigations conducted simultaneously with the earth-bound experiment Mars-500 showed that health changes with the practically healthy people usually remain within the prenosological state zone. Although, risk of pathology development with different people changes significantly. It follows that within the same functional state of the body, the higher is the probability of pathology development, the more serious should the precautionary measures be. One of the important results of the Mars-500 experiment is successful testing of prenosological diagnostics which is a new trend in modern medicine and physiology [7] .
Prenosological diagnostics studies the states on the boundary of norm and pathology, and is aimed mainly at studying healthy people having no signs of pathology. This scientific field developed in cosmic medicine to evaluate the degree of the body adaptability to spaceflight conditions. The methods of prenosological diagnostics came into operation in 1980s during preventive examinations [8, 9] , and in recent years are used to evaluate the risks of pathology development in bus drivers and pilots [1, 10] . Experiment Mars-500 offered a unique opportunity to verify effectiveness of prenosological approach for evaluation of the long-term dynamics of the functional state of healthy people living in different environmental conditions.
As a conventional reference group the Martian crew was considered. The volunteers lived in controlled ecological environment. The investigations results showed that despite differences in sensitivity to ecological factors with different populations, in all cases there was observed a correlation of prenosological and premorbid state development and changes in social and working environment, seasonal changes or health problems.
Results of the long-term medical & ecological investigations prove that prenosological state zone is a place where the body interacts with environment, and problems of further development are considered [7] . Prenosological state is an unstable equilibrium between health and pathology supported by tension of regulatory mechanisms and utilization of information, energy and metabolic body reserves. Consequently further development of prenosological approach for evaluation of health and pathology development is an upcoming trend both for cosmic and preventive medicine.
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